The historical controversy on effects of variously situated brain lesions on mental function reflects inherent difficulties in precise definitions of their onset, locus, magnitude, and dynamics in neurological populations. The introduction of psychosurgery in efforts to relieve chronic psychoses permitted systematic studies of carefully designed frontal lobe lesions. Early findings, however, were as diverse as those reported in studies of brain wounds and tumours (Smith, 1962) .
Three related studies initiated in 1946, the Columbia-Greystone studies I and II (Mettler, 1949 and 1952) , and the New York State brain research (Lewis, Landis, and King, 1956 ) projects marked a major advance in controlled study of effects of brain surgery. Increasingly refined research designs included standardized surgical procedures with systematic excisions of different cortical areas, planned sampling, experimental controls, and objective measures of mental function obtained at fixed intervals before and after surgery. Yet, in view of traditional concepts of specific mental defects following frontal lesions, and other studies of similar populations reporting various intellectual deficits, the unanimous negative findings in all three projects were intriguing.
Since initial post-operative decrements in mental tests administered in all three studies were followed by recovery of pre-operative levels within the first year, this 'drop and rise' pattern was cited as evidence that regardless of site, patient's age, or amounts excised (up to a known maximum of 73 5 g.), clean circumscribed frontal ablations did not result in permanent impairment. These unanimously negative findings have been extensively cited in revisions of neurological textbooks and in studies reporting intellectual deficits following non-frontal lesions.
Re-examinations of 28 topectomy and 24 carefully matched control schizophrenics admitted to hospital under the New York State brain research project eight years post-operatively, however, revealed systematic losses by operated patients in several mental tests (Smith, 1958 (Smith, , 1960 Smith and Kinder, 1959) . Comparisons of pre-operative, initial, and eight-year post-operative scores indicated that effects of lesions varied with interactions of four factors: time, site, age, and nature of the measure. In contrast to early post-operative findings showing recovery of pre-operative levels and no significant differences between changes by operated and control patients, eight-year post-operative scores showed systematic losses by older and younger patients with posterior frontal excisions (superior topectomy) and by older patients with anterior frontal excisions (orbital topectomy). Younger patients with orbital topectomy and younger and older controls showed only negligible score changes after eight years. Thus the findings of this follow-up study were consistent with many reports, e.g., Holmes (1927) , PurvesStewart (1927) , Bailey (1948) , and Russell (1959) , that mental sequelae of frontal tumours and brain wounds varied, depending upon their specific site within the frontal lobes.
The present report summarizes results of a followup study of 31 of 43 operated and 11 of 19 control patients of the two Columbia-Greystone projects who were still in hospital in 1958, 10 to 12 years after surgery. The seven surgical procedures (Mettler, 1949; Mettler, 1952) in these studies was prevented by significant differences in prognoses and other variables described later by the original investigators (Mettler, 1949 (Mettler, , 1952 , mean scores for the 11 unoperated patients were included for gross comparisons. In the light of recurring interest in surgical therapy of chronic psychoses, it might also be pointed out that early discharge of a higher proportion of operated than 20perative procedures and actual amounts of tissue excised are described by Mettler (1949 Mettler ( , 1952 . Surgical estimates of amounts of tissue rendere, functional (least, more, most) were considered more reliable though less precise than estimated weights in grams.
'Posterior is caudal to Brodmann's area 10 and anterior is rostral to Brodmann's area 10.
*Thermocoagulation for 25 seconds longer than case 28.
of unoperated patients was later attributed to significant prognostic differences. Despite these differences, however, the overall results of the three projects showed no significant differences in discharge rates of operated and unoperated patients.) Retests of operated patients within one year of surgery showed recovery of pre-operative levels. Effects of time are thus indicated in losses over 10 years later by patients nos. I to 13. Systematic differences in interactions of time with site, age, mass, and the nature of measures showing marked decrements indicate that losses were due to long-term effects of surgery rather than to mental deterioration in chronic psychotic in-patients.
Eight topectomy cases were arbitrarily divided into anterior (excisions rostral to Brodmann's area 10) and posterior (caudal to Brodmann's area 10) groups. The more marked losses by the posterior group 12 years post-operatively confirms King's (1949) observations of larger initial losses following excisions of Brodmann area 8, although, as noted above, subsequent tests administered within the first year indicated recovery.
Similarly, more marked losses by older patients in each type of operative procedure also corresponded to the findings of the New York State brain research project follow-up study reflecting the significance of the age factor.
Differences in the sensitivity of the v-arious measures were also consistent with the same followup study. Digit symbol, block design, homograph, and information scores showed the most frequent and marked losses. Decrements in the Porteus maze, arithmetic, and digit span tests were less frequent and marked in the present study. Thus the differential sensitivity of the various tests in both follow-up Case Operation2
Nvo. Although Thus, the overall results confirm the findings of the follow-up study of the patients in the New York State brain research project. In both studies, systematic differences between initial and long-term Since losses occurred in measures involving different modalities, the defect appears to be an impairment of higher mental functions. This defect occurred most frequently after bilateral posterior lesions regardless of age; in older patients regardless of site; and in patients with larger lesions regardless of site or age. When these factors are taken into account, differences as a function of type of surgery appear negligible.
In the absence of pathological anatomy, possible anatomical bases for the differences between early and long-term effects of frontal ablations remain undefined. However, systematic differences in psychological test performances as a function of time, site, and age are consistent with findings ofclinical studies, and are strikingly consonant with neuropathological studies of psychosurgical patients describing increasing secondary degeneration with time, age, and in posterior frontal lesions (Smith, 1962) .
DISCUSSION
Since over half the population revealed little evidence of mental deterioration, viewed in the wide context of the voluminous pertinent literature, the findings as a whole might not appear to have had any definite outcome. The emergence of systematic losses by patients with posterior lesions, and regardless of site, by patients with advanced age or larger anterior lesions, however, clearly indicates that traditional comparisons of undifferentiated 'brain-damaged' populations are methodologically unwarranted. Since losses were not present shortly after surgery, time is one of the most important factors in assessments of brain lesions.
The post-operative interval of 10 to 12 years is almost identical with the post-injury interval in the follow-up study of brain-wounded war veterans by Weinstein and Teuber (1957) . Since losses in intelligence test scores were reported only for the small group with left temporo-parietal wounds, this study has been frequently cited as evidence that non-frontal lesions result in greater deficits than frontal lesions.
A recent review by Piercy (1964) cited the negative early post-operative findings of the first ColumbiaGreystone project and other psychosurgical studies in contrast to the findings of Weinstein and Teuber after 10 to 12 years in support of this view.
In addition to the questionable validity of comparing populations with ill-defined heterogeneous lesions of different ages, Smith (1962) has noted that comparisons of groups differentiated according to lobar, hemispheric, frontal versus non-frontal, cortical versus subcortical, and infra-versus supratentorial lesions tacitly assume a functional equipotentiality of all areas comprising these arbitrarily defined gross anatomical structures. Before Weinstein and Teuber (1957) , Schiller (1947) also reported that as wounds encroached further into a left 'nonfrontal' region (actually up and along the slant of the Sylvian fissure), both language and intellectual defects became more marked. Bailey (1948) has observed that in addition to specifically localized tumours of the frontal lobes, intellectual deficits were more frequent in patients with left occipitotemporal tumours. And in Russell's (1963) recent considerations of anatomical aspects of aphasia, his formulations of the dynamic relationships between intra-and interhemispheric brain mechanisms emphasized definitions of the differing roles of various brain structures in lower and higher cerebral functions.
At least 14 studies (Smith, 1962) , however, have consistently reported marked differences in anatomical and functional sequelae of carefully designed frontal ablations with significantly greater intellectual impairment following posterior frontal lesions. In addition to the apparent significance of the specific site of brain lesions as one of several significant factors, the results of the present study confirm the importance of age in evaluations of brain injuries. Since Russell (1934) concluded that age was one of the most important factors in such evaluations, it is hardly surprising that the patient with the largest and most losses among the 31 patients with frontal lesions was the oldest, albeit, as noted above, these losses reflect interactions of several factors.
As in the follow-up study of the New York State brain research project, the results of the present follow-up study reverse the original negative findings reported shortly after surgery. The specific findings in frontal lobe lesions also have methodological implications for investigations of other lesions which may be summarized. TIME Differences between initial and long-term findings clearly indicate that initial effects of brain lesions are often transient. In some cases, early mental impairment may gradually disappear. In others with no evidence of early impairment, defects may emerge with the passage of time. Since the findings of examinations at different historical periods after brain lesions vary with the dynamics of the lesion, initial assessments will often be least reliable.
SPECIFIC SITE Differences between effects of bilateral posterior and comparable anterior lesions within the frontal lobes, and similar differences in lateralized lesions in other gross structures emphasize the importance of precise definitions of the specific site of lesions as a crucial factor in assessments of effects on mental as well as on other functions. AGE Since the same lesions in older patients resulted in more frequent and marked impairment than that in younger patients, age is one of the most important determiners of mental as well as other sequelae of brain injuries. NATURE OF THE DEFECT The different modalities and the mental functions involved in tests of higher intellectual capacities are variously vulnerable to effects of differently situated lesions. The nature and degree of observed impairment will therefore vary, depending upon the selection of tests used and the specific site of the lesion. Since losses following bilateral frontal ablations occurred in tests involving different modalities, the resulting defect appears to be a loss in 'higher' gnostic and conceptual functions. Thus, the validity of definitions of mental impairment is improved in increasing differentiations of impairment of test modalities from impairment of the 'higher' functions the tests were assumed to measure. SIZE OF LESION Although small and large lesions may reveal no early mental defects, the emergence of later defects is more likely in patients with larger lesions. Thus, while all patients should be reexamined for the possible emergence of later defects, conclusions of no mental deficits in patients with large brain lesions are especially qualified by the absence of long-term reassessments.
The present study confirms the view that as time passes mental deterioration appears in adults with specific frontal lesions produced by operations for mental disorder. These findings are also of interest from the point of view of understanding cerebral mechanisms underlying the development and maintenance of intelligence. Russell (1959) has pointed out that the development of intelligence is markedly attenuated by frontal lobe lesions in infancy. Since specific frontal lobe lesions in adults interfere with the maintenance of intellectual efficiency to a greater degree than lesions of the same size in other frontal and non-frontal areas, the findings of the present study indicate that the integrity of certain structures within the frontal lobes is essential not only for the development but also for the maintenance of intelligence.
SUMMARY
Psychological re-examinations of 31 psychotic in-patients 10 to 12 years after psychosurgery revealed the emergence of losses by operated groups as a function of time, site, amount excised, age, and nature of the measure. The results confirm findings of the New York State brain research follow-up study and illustrate the varying dynamics of different brain lesions in effects on mental functions.
